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Introduction
Traditionally accepted risk factors account for less than half of all cases of breast cancer (1) . Improved screening practices cannot completely account for the rise in breast cancer incidence rates over the past two decades (2) . Areas This research was supported by pilot funds from the Long Island Breast Cancer Study Project (LIBCSP) and a Greater Leadership Opportunity (GLO) Program Award to RHA. The GLO Award from the U.S. Environmental some pesticides, aromatic hydrocarbons, and plastics may be avoidable causes of the disease profile (3) .
Hawaii is an island ecosystem with geological features and chemical use A common link among traditional risk factors is that they promote breast cancer by elevating total lifetime exposure to biologically active estrogens, principally in the form of estradiol (9) . There is a growing body of evidence that suggests that environmental chemicals can disrupt the endocrine system and contribute to the development of breast cancer. The universe of compounds shown to exhibit estrogenic function is extensive. These compounds, labeled environmental estrogens, xenoestrogens, and estrogen mimickers, share the ability to disrupt the endocrine system, causing a cascade of biological effects. A number of restricted or banned pesticides used in Hawaii are estrogenic. These include DDT, DDE, kepone, heptachlor, chlordane, dieldrin, mirex, lindane, and toxaphene (10, 11) . Other compounds that may disrupt hormonal mechanisms include polychlorinated biphenyls (PCBs), polyaromatic hydrocarbon combustion pollutants, and ingredients in plastics such as nonylphenol (12, 13) . Naturally occurring plant estrogens called bioflavonoids (e.g., coumestrol) and mycotoxins (e.g., zearalenone) may be even more estrogenic than industrial chemicals (12, 14) , although their ultimate biologic effect may be less toxic (15) . Natural estrogens are usually metabolized and excreted rapidly, but synthetic estrogens can have long half-lives and bioaccumulate in fat (16) .
Epidemiologic evidence also supports the link between exposure to organochlorines and breast cancer. Wolff et al. compared cases and controls, well matched for age and other risk factors, and found that women with the highest levels of DDE in their blood had a 4-fold risk of breast cancer (17) . Another study found that women with estrogen-responsive breast cancer had nine times the risk of the disease and higher body burdens of DDE and PCBs than women with benign breast disease (18 (14) . In practice, people are not exposed to one chemical at a time but complex mixtures of chemicals, and many of these may persist or bioaccumulate in fat.
Recent studies provide evidence that the synergistic activity of many common pesticides may be significant (15, 20) . In Arnold and McLachlan's yeast estrogen system assay (20) , potencies of synthetic estrogens were measured by their ability to activate the breast cancer-galactosidase gene by binding to human estrogen receptor (hER).
Most estrogenic compounds have potencies 1/50th to 1/10,000th those of natural estrogen or of diethylstilbestrol. The potencies of these chemicals, when studied alone, suggest small effects on biological systems. However, these certain chemicals have markedly greater impact on hER activity when acting in combination. For example, a mixture of endosulfan and dieldrin was 160 to 1600 times more potent than each chemical acting alone. PCBs that were previously shown to alter sexual development in turtles also produced effects that were synergistic in this yeast system assay. Since these synthetic compounds occur as mixtures in the environment, their partnership potencies require special consideration.
Pesticide Use and Exposures in Hawaii
A number of factors contribute to extensive pesticide exposure in Hawaii. First, the year-round moderate temperatures promote a continuous life cycle for growth of nematodes, fruit flies, ants, fungi, and weeds (21) . Second, since the 1940s, plantation agriculture on Hawaii has become heavily dependent on agricultural chemicals to control various pests. Third, the underlying geology is extremely vulnerable to contamination (22) .
Hawaii is classified by the U.S. Environmental Protection Agency (U.S. EPA) as an area highly sensitive to groundwater contamination from agricultural pesticides. Groundwater is the primary source of fresh water for the public. On Maui, 95% of the population uses groundwater for drinking water (22 (27 (29) .
In 1994, the Agency for Toxic Substances and Disease Registry (ATSDR) identified Kunia plantation as an indeterminate public health hazard because of widespread high levels of DBCP exposure (30) . The state of Hawaii conducted a case study in 1982 to determine exposure pathways of environmental contaminants at the site (24) . There is evidence that all 738 inhabitants of Kunia were exposed to DBCP through ingestion of and skin contact with contaminated water. DBCP is not known to accumulate in plants and animals; therefore, it is unlikely that people were exposed to site-related contaminants in food (31) . In addition, plantation and remedial workers may have been exposed through inhalation ofemissions from DBCP-contaminated soil. A significantly high rate of neoplasms, including breast cancer, was reported in Kunia compared to a community 5 miles away in the town of Poamoho, where DBCP was not found (24) .
iiI.II 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1960 Other studies document reproductive anomalies in DBCP-exposed persons (31, 32) . Takahashi et al. (32) studied abnormalities in spermatogenic morphology and volume from a population on the island of Molokai. The frequency distribution of sperm count indicated a significant difference between that of the agricultural group directly exposed to DBCP and a control group not exposed. Twenty-three percent of the exposed group were oligospermic and half had low normal counts, whereas 14% of the controls were oligospermic and none had below-normal counts. High numbers of miscarriages were reported among the spouses of these agricultural workers (32) . These findings of unusual hormonally related outcomes suggest that investigations need to be undertaken to determine a variety of endocrinological effects of DBCP exposure.
Hepta,h1or Contamination in Oahu
Chlordane and heptachlor, as well as aldrin, endrin, and dieldrin, are members of the cyclodiene pesticides. Although prohibited from sale in the United States in 1988, chlordane and heptachlor are manufactured in the United States and shipped overseas (33) . Legal actions followed, and the use of chlordane/heptachlor products is still permitted for fire ant control in power transformers. The use of existing stocks continued after the ban on sale, distribution, and shipment. As recently as 1993, heptachlor was applied to pineapple fields on Oahu by Del Monte Corporation (34, 35) . The long half-lives, fat solubility, and bioaccumulation of these chemicals ensure that they remain biologically active for decades. Heptachlor and chlordane interfere with multiple metabolic systems and steroid function. They are immunotoxic, mutagenic, and carcinogenic, and enhance the metabolism of other xenobiotic chemicals (11) .
In humans, the major metabolite of heptachlor is the oxidation product 2,3-heptachlor epoxide, which is more toxic than the parent compound heptachlor. (36) (Figure 2 
